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SUPPRESSION OF TRANSPLANT REJECTION 



FIELD OF THE INVENTION 
5 This invention relates to the suppression of rejection of transplants in animals. 
BACKGROUND OF THE INVENTION 

Transplantation is tiie treatment of choice for end stage kidney, heart, Uver and 
10 pancreas organ failure and despite considerable advances in the management of 
transplant rejection in recent years the vast majority of transplants are eventually 
rejected. In addition, the current immunosuppressive regimens vAich depend on 
continual drug therapy predispose transplant patients to increased susceptibility to 
infections and cancer because even the most sophisticated drugs are unable to inhibit 
15 just those responses directed toward the transplant. As a result opportunistic infection 
remains one of ttie main causes of mortality in heart transplant patients and predictive 
calculations have shown that 30 years of continual immunosuppression carries a 100% 
risk of some types of cancer. In many animal transplant models it is possible to achieve 
indefinite transplant survival by transient manipulation of the recipient immune system 
20 and in many of these situations regulatory cells develop with time such that they 
prevent rejection even after cessation of the initial therapy, Waldmann and Cobbold"^^ 
discuss the developments over recent years that have led to the possibiUty of providing 
short-term therapy for long-term tolerance of organ grafts. 

25 CD4+ T-helper lymphocytes are cells of the immune system and in" normal situations 
play an essential role m immune responses that protect us from pathog?nic;-otganiSms 
such as bacteria and viruses. In the context of transplantation however, tiiese sam.e... 
- cells are largely responsible for tiie rejection of organ transplants. It is .wid^/known 
that rejection responses can be attenuated by administration of immunosuppressive 

30 agents, including anti-CD4 antibody which targets CD4+ T cells,, but in recent years it 
has been shown that such antibody tiierapy can lead to the generation of sub- 
populations of T ceUs with the capacity to control or regulate destructive rejection 
responses. It is believed that regulatory cells arise in such situations because the 



presence of the antL-CD4 antibody prevents full T cell activation and the cells default to 
a regulatory or suppressive phenotype. 

EP-A-0 240 344 describes the use of a monoclonal antibody directed against the CD4 
5 antigen on helper T lymphocytes for the manufecture of a medicament for the treatment 
of a mamm a l to induce tolerance in the said mammal to a primary antigen, the 
treatment comprising administering to the subject mammal sufficient of the 
medicament to deplete significantiy the population of T-helper lymphocytes in the 
subject mammal, challenging the subject mammal with the primary antigen and 
10 allowing the population of T-helper lymphocytes in the subject mammal to re-establish 
itself in the presence of the primary antigen so that tolerance to the primary antigen is 
established. 

EP-A-0 474 691 describes how non-depleting CD4 antibodies, optionally together with 
15 CDS antibodies, can produce tolerance to foreign immunoglobulins, bone marrow and 
skin grafts. Specifically a state of immunological tolerance to an antigen can be 
induced by the administration of these antibodies in the presence of said antigen. Such 
antigens are usually foreign celMar antigens, hvt tolerance to soluble non-cellular 
antigens such as albiunin^'* or human gamma globulin (UGGf^'^^ has also been 
10 achieved by intravenoiis administration to mice under the cover of anti-CD4 antibody. 

The existence of lymphocytes with suppressive capacity was first described over thirty 
years ago^ but in recent years there has been renewed interest in the identification and 
characterisation of such regulatory T cells (T-reg). Several cell surface markers have 
5 been identified that enrich for regulatory activity, one of which is CD25, the a subunit 
of the IL-2 receptor. 

CD25^CD4'*' T-reg with the capacity to regulate responses in vitro have been identified 
— in both mice^ — and humans^--. -T-reg can suppress the proliferation and/or-effector 
3 activity of both CD4* and CDS"** ^'^'^^'^^ T cells, can prevent tiie development of 
autoimmime disease^^"", and have been shown to play a role in both tumour 
immunity^*'^^ and transplantation"*^^. /« vivo, but not in vitro, regulatory activity can 
be dependent on IL-10^^ TGF-p^^ and CTLA-4^^. In vitro studies with mouse cells 
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have demonstrated that, although these regulatory populations requiie actLvatioii via 
their T cell receptors in order to regulate, once activated they can inhibit responses in 
an antigen non-specific manner, the process of ^bystander regulation'^'^'^ However, to 
date, the capacity of pre-activated T-reg to* regulate non-specifically in vivo has not 
5 been tested. 

The presence of T-reg with the capacity to suppress allograft rejection has been 
demonstrated in rodents witii long term surviving cardiac^^-^*^^ and pancreatic islet^ 
allografts. It has previously been shown that pre-treatment of mice witii donor-specific 

10 blood transfusion under the cover of anti-CD4 antibody allows the acceptance of fully 
allogeneic cardiac grafts^. Using an adoptive transfer system it has been shown that 
pre-treatment of CBA (H2^) mice with transfusion of blood from BIO (H2^ mice under 
the cover of the antL-CD4 antibody YTS177 generates CD25^CD4^ cells that prevent 
rejection of donor-type skin allografts mediated by CD45RB^s**CD4"' effector cells. 

15 Significantiy, equal numbers of CD25"CD4"^ cells from pre-treated animals or of 
CD25'*'CD4"*' cells from naive mice or from mice pre-treated with antibody or 
transftision alone were unable to regulate in tins manner, demonstrating tiiat tiiese 
regulatory T cells (T-reg) arise entirely as a consequence of the full pre-treatment 
protocol^. In common with naturally-occurring CD25'"CD4^ T-reg, regulation by these 

20 alloantigen-induced cells is dependent on IL-1 0 and CTLA-4. 

These protocols, in which recipient mice are pre-treated before transplant with infusion 
of blood or bone marrow cells, expressing one or more histocompatibility antigens 
from the eventual transplant donor, in combination witii anti-CD4 antibody, lead to the 

25 indefinite survival of heart allografts. It has recenfly been shown that this pre-treatment 
leads to the generation of regulatory cells prior to transplant which afford the graft 
protection from the outset. A pilot clinical study using a protocol based upon these 
data was performed at the Oxford Transplant Centre. The protocol was found to be 
safe and evidence supporting the generation of cells with regulatory activity was 

30 obtained. 

However, there are several problems associated with the clinical use of protocols 
involving pre-treatment of patients with antigen prior to transplantation. Fnrstly there is 
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a risk of transmission of blood-borne pathogens (for example HIV, hepatitis, BSE) 
\^*ien blood or cells are used in pre-treatmeot protocols. These risks must be taken into 
account and may preclude widespread use.of such a protocol. A second major limiting 
factor in the clinical use of such protocols is the feet that, with the exception of live 
5 donor tran^lantadon, neither the timing of the procedure nor the identity of the donor 
is known in advance. Thus it is impossible for the patient to undergo treatment with ihe 
relevant histocompatibility antigens &om the eventual transplant donor, in combination 
widi anti-.CD4 antibody, in advance of the transplant itself. 

10 An object of the present invention is to harness the potential of regulatory T cells in the 
suppression of transplant rejection and, in particular, to provide a method for the 
suppression of transplant rejection in an animal in which the disadvantages referred to 
above are alleviated or eliminated. 



15 SUMMARY OF THE INVENTION 

According to one aspect, the present invmtion provides a method of suppressing 
rejection of an organ or tissue transplant in an animal comprising the following steps: 

(a) administering to the animal an antibody directed at a cell surface antigen 
20 selected from the group consisting of CD4, CDS, CD154, LFA-1, CD80, CD86 and 

ICAM-1, and a non-cellular protein antigen to generate a population of regulatory T- 
lymphocytes; 

(b) reactivating said population of regulatory T-lymphocytes by further 
administration to the animal of the non-cellular protein antigen; and 

25 (c) transplanting said organ or tissue whilst said population of regulatory T- 

lymphocytes is activated. 

According to another aspect, the present invention provides the use of an antibody 
— directed at a cell-surface antigen selected from- -the -group- consisting of CD4, CDS, 
30 CD154, LFA-1, CD80, CD86 and ICAM-1, for the manufacture of a medicament for 
the suppression of rejection of an organ or tissue transplant in an animal by a method 
which comprises administering the antibody to the animal together with a non-cellular 
protein antigen to generate in the animal a population of regulatory T-lymphocytes; 
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reactivating said population of regulatory T-lymphocytes by further administration to 
the animal of the non-cellular protein antigen; and transplanting said organ or tissue 
yMlst said population of regulatory T-lymphocytes is activated. 



5 According to a further aspect, the present mvention provides the use of a non-cellular 
protein antigen for the manufecture of a medicament for tiie suppression of rejection of 
an organ or tissue transplant in an animal by a method which comprises administering 
an antibody directed at a cell surfece antigen selected from the group consisting of 
CD4, CDS, CD154, LFA-1, CD80, CD86 and ICAM-1, to the animal together with tiie 
10 non-cellular protein antigen to generate in the animal a population of regulatory T- 
lymphocytes; reactivating said population of regulatory T-lymphocytes by further 
administration to the animal of the non-cellular protein antigen; and transplanting said 
organ or tissue whilst said population of regulatory T-lymphocytes is activated. 

15 The invention further provides a method of treating a condition in an animal mediated 
by an immune response which comprises administering to said animal an antibody 
directed at a cell surface antigen selected from the group consisting of CD4, CDS, 
CD154, LFA-1, CD80, CD86 and ICAM-1, and a non-cellular protein antigen to 
generate a population of regulatory T-lymphocytes which are then re-activated by 

20 subsequent administration of the original non-cellular antigen. 

Another aspect of the invention provides the use of an antibody directed at a cell 
surface antigen selected from the group consisting of CD4, CDS, CD 154, LFA-1, 
CD80, CD86 and ICAM-1, for the manufacture of a medicament for the treatment of a 
25 condition in an animal mediated by an immune response by a method which comprises 
administering the antibody to the animal together with a non-cellular protein antigen to 
generate in the animal a population of regulatory T-lymphocytes which are then re- 
activated by subsequent administration of the original non-cellular antigen. 

30 A further aspect of the invention provides use of a non-cellular protein antigen for the 
manufacture of a medicament for the treatment of a condition in an animal mediated by 
an immune response by a method which comprises administering the non-cellular 
protein antigen to the animal together with an antibody directed at a cell surface antigen 
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selected from the group consisting of CD4, CDS, 03154, LFA-1, CD80, CD86 and 
ICAM-1, to generate in the animal a population of regulatory T-lymphocytes which are 
then re-activated by subsequent administration of the original non-cellular antigen. 



5 BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows that alloantigen-induced CD25* CD4* cells can regulate skin allograft 
rejection; 

Figure 2 shows that activated CD25*" CD4"*' cells gmerated against unrelated antigen 
10 can regulate sldn aUografl rejection; 

Figure 3 shows that HGG re-challenge after 177/HGG pre-treatment leads to IFN-^ 
mRNA production; 

Figure 4 shows proposed models for regulation of allograft rejection by regulatory 
cells. 

15 

DETAILED DESCRIPTION OF THE DSrVENllON 

According to the present invention, regulatory T cells are generated by in vivo exposure 
to a non-cellular protein antigen in the presence of an antibody directed at a cell surface 

20 antigen selected from the group consisting of CD4, CDS, CD154, LFA-1, CD80, CD86 
and ICAM-1, preferably an anti-CD4 antibody. These T-reg are then re-activated by.a 
second e3q)0sure to the non-cellular protein antigen prior to transplantation taking 
place. Once reactivated, the T-reg acquire the capacity to control the activity of graft 
destructive T cells so that transplant rejection can be suppressed or prevented provided 

25 that transplantation takes place whilst the T-reg are activated. Once transplantation has 
taken place, the protection provided by activation of the T-reg is sufficient for 
operational tolerance to the transplant to develop by other mechanisms. 

In recent years much progress has been- made- in defining the phenotypic and- functional 
30 properties of T-reg. These cells can by enriched by sorting T cells that are CD4+ and 
express CD25, the a chain of the interleukin 2 receptor (IL-2R) and have been shown 
to express the transcription factor Foxp3. One characteristic that has been 
demonstrated by several groups in vitro is that these T-reg require activation via their T 



cell receptors in order to exert regulatory activity but that, once activated in this way, 
they are able to regulate in an antigen non-specific manner^"^*^. According to the 
present invention, generation of T-reg by non-cellular protein antigen plus therapy with 
an antibody directed at a cell surface antigen selected firom the group consisting of 
CD4, CD8, CD154, LFA-1, CD80, CD86 and IC AM- 1, preferably anti-CD4 antibody 
therapy, followed by reactivation with the same protein allows them to regulate non- 
specifically to alloantigen in vivo. 

The phenommon of regulation in the specific setting of transplantation is of interest 
because active, self-sustaining regulation of rejection responses can provide a route to 
drug-independent long-term graft survival. As abeady noted, a major limiting factor in 
the clinical use of protocols involving pre-treatment of patients with antigen prior to 
transplantation is the fact that, with the exception of live donor transplantation, neither 
the timing of the procedure nor the identity of the donor is known in advance. 
Generation of regulatory cells by pre-treatment with a single graft alloantigen, which 
can prevent the rejection of fully allogeneic grafts, can widen the scope of such an 
approach and this phmomenon may contribute to the once well-recognised but poorly 
understood blood transfusion effect where pre-operative blood transfusion has a 
significant positive impact on graft outcome.^^"^^ 

However, even more attractive than the promotion of graft survival by pre-treatment 
with a limited subset of graft antigens would be the ability to achieve the same effect 
by the administration of antigens that are not necessarily expressed by the graft. The 
observation made in our laboratory that CD25'^CD4"^ cells from mice pre-treated with 
the anti-CD4 antibody YTS177 and third-party blood can prevent the rejection of 
unrelated BIO skin grafts suggests that this may indeed be feasible. The fact that 
regiilation was only observed following re-challenge of the CD25'^CD4*^ cell donors 
with third party blood before transfer is entirely consistent with the observations of 
others that naturally-occurring T-reg are able to suppress in an antigen non-specific 
mamer once activated.^^*^ 

According to the present invention, T-reg generated by administration of a non-cellular 
protein antigen such as human gamma globulin (HGG) combined with an antibody 



10 



15 



25 



8 

directed at a cell surface antigen selected from the groiq) consisting of CD4, CDS, 
CD154, LFA-1, CD80. CD86 and ICAM-1. preferably anti-CD4 antibody, can prevent 
the rejection of grafts such as skin allografts. This is extremely attractive in view of the 
feet that the potential for the clinical transmission of infectious agents will limit the 
feasibility of flie administration of human products such as blood. Clinical protocols 
are possible according to the present invention in which patients awaiting 
transplantation are given a weU-defined, quality-controUed non-cellular antigen 
combined with immunotherapy with an antibody directed at a cell surfece antigen, 
selected from the group consisting of CD4, CD8, CD154, LFA-1, CD80, CD86 and 
ICAM-1, preferably anti-CD4 antibody immunotherq)y, to generate T-reg. These T 
cells would be maintained by routine antigen re-challenge then re-activated 
immediately prior to transplantation. Under the correct circumstances these ceUs will 
be capable of regulating responses against the graft 



Our observations not only suggest potential strategies for immunotherapy but also shed 
some light on the mechanisms involved in regulation in vivo. T-rep generated by the 
177/HGG - HGG re-challenge protocol have the ability to regulate rejection of BIO 
skin aUografts suggesting that they might operate either by cross-reactivity or bystander 
•regulation. Cross-reactivity seems the least likely of these two possibilities since it is 
20 presumed that these self-restricted CD25*CD4-^ T cells will have been generated in 
response to HGG peptides that are completely unrelated to alloantigen. The probabmty 
is that such ceUs act via bystander regulation in which activated T-reg regulate 
responses in a restricted local microenvironment, mediated by cytokines such as IL- 
lO^" (Figure 2c) and IFN-y (Figure 3). 



A proposed model to explain regulation in this system is summarised in Figure 4. If T- 
reg populations are generated that are specific for each of the aUoantigens expressed by 
the graft, rejection is prevented. However, since T-reg populations specific for a single 
- donor antigen undergo activation b^the graft, they are also able to" dverc6me rejiStion 
30 through the process of bystander regulation. Prevention of graft rejection by T-reg that 
have been generated against non-graft antigens (which will not be activated by the 
graft) is possible only when the regulatory cells are first activated by deUberate antigen 
re-exposure. The duration of graft protection offered by tiiese non-graft-specific T-reg 



is likely to be fairly short-lived since tiiese cells are unlikely to remain activated for a 
significant length of time m the absence of specific antigen stimulation'^^; however, it is 
probable that this period of protection allows operational tolerance to the graft to 
develop by other mechanisms^^. The ability to generate T-reg populations by controlled 
exposure to defined antigens has important implications for clinical transplantation and 
may also have implications for autoimmune disease where attenuation of immune 
responses is also an important goal. 

The present invention can be used in suppressing the rejection of allogeneic organs, 
tissues or cells of any type in an animal but is particularly applicable to the suppression 
of transplant rejection in humans. 

The CD4 molecule expresses several different epitopes which in turn can lead to the 
production of different anti-CD4 antibodies after immunisation. All such anti-CD4 
antibodies are capable of binding CD4 but they will have a range of properties based on 
affinity and isotype. For example, rat anti-mouse IgG2b antibodies deplete CD44- T 
cells i?Aereas broadly speaking IgG2a antibodies do not deplete. It has been shown that 
both depleting and non-depleting anti-CD4 antibodies can induce tolerance to an 
antigen and both can be used according to the present invention. However, non- 
depleting anti-CD4 antibodies may be preferred for use in clinical protocols since 
depletion of CD4+ T-cells may be difficult to control and long lasting. 

The suitability of any particular anti-CD4 antibody for use accordmg to the invention 
may be confirmed by the ability of the antibody to induce tolerance to a soluble non- 
cellular protein antigen such as HGG using the ELIS A assay shown in Figure 2a. 

Other cell surfece antigens may also be suitable targets for this type of approach 
including CDS, CD154 and UFA-l on T cells and CD80, CD86 and ICAM-1 on 
antigen presenting cells. The ability of antibodies against such candidate molecules to 
induce tolerance to non-cellular protem antigeas can also be determined by ELISA 
assays similar to that in Figure 2a. 
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Many monoclonal antibodies have been described in the literature that would be 
suitable for use according to the present invention. Antibodies against the CD4 antigen 
and otiier ceirsur&ce molecules can be generated by standard metiiods involving the 
fusion of antibody secreting B cells with cell lines selected for tiieir ability to confer in 
5 vitro immortality on the antibody secreting cells. Alternatively, DNA encoding 
monoclonal antibodies, antigen binding chains or domams can be cloned and esqpressed 
using standard methods of recombinant DNA technology. Recombinant antigen 
binding molecules cau be manipulated to improve therapeutic properties such as 
specificity, affinity, half-life and lack of immunogemcity. 

10 

The use of antibodies generated in rodents or other non-human animals in therapy in 
man is limited by the reaction of the patient's immune sjrstem to these antibodies. 
However since anti-CD4 antibodies induce tolerance to themselves and the nimiber 
times that the anti-CD4 antibody needs to be administered v/hsn used according to the 

15 invention is limited, the anti-globulin response elicited by use of a rodent or other non- 
human antibody should be minimal. Accordingly, rodent (e.g. rat or mouse) or other 
non-human animal (e.g. horse) antibodies can be used according to the invention. 
However, for use in man it is preferred that the anti-CD4 antibody has been engineered 
to limit the anti-globulin response. Examples of antibodies engmeered in this way are 

20 chimeric antibodies (where the constant regions of a non-human antibody are replaced 
by human constant re^ons) and hiimanised antibodies \^ere the antibody is engineered 
to appear human to the iiomune system of the recipient Examples of humanised 
antibodies are CDR-grafted antibodies where as well as replaciz^ the constant regions 
of a non-human antibody witii a human constant region, the fiamework regions of the 

25 variable regions are also replaced by human variable regions. Production of a 
humanised anti-CD4 antibody is described, for example, in WO-A-92 05274. 

The antibody may be administered intravenously by injection or infusion; 
intraperitoneal infusion is also possible. The antibody may be formulated for 
30 administration to himians in a standard manner, generally together with at least one 
physiologically acceptable carrier. The antibody will generally be formulated in 
solution in a physiologically acceptable carrier optionally with one or more other 
ingredients. Preferably the antibody is formulated in sterile isotonic buffered saline. 
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The non-cellular protein antigen is also generally administered parenterally, by 
intravenous infiisiorL If a depot effect is required the non cellular protein may be 
delivered by an intramuscular route. The antibody, preferably anti-CD4 antibody, is 
5 administered to the subject in a dose whicH is clinically effective to induce tolCTance to 
an antigen in that subject. In any partic\ilar case, iJie precise dose will be at the 
discretion of the attendant physician but will generally be m the range 0.25 to 25mg/kg. 
Generally from 1 to 5 doses but preferably 2 or 3 doses of the antibody, preferably anti- 
CD4 antibody, are given over a period of 2-5 days. The non-cellular protein antigen 
10 will be given concomitantly with the antibody to generate a population of regulatory T- 
lymphocytes which will then be expanded and/or maintained by repeated 
administration of the non-cellular antigen alone. The mimmnTn number of doses of the 
antigen will be two but maintenance of the regulatory population may require 10 or 
more doses in total. 

15 

Suitable non-cellular protein antigens for use in accordance with the present invention 
should have the following characteiistics: 

(i) they should be immunogenic, i.e. must be a protein to vMch humans are not 
naturally tolerant; 

20 (ii) the protein must be physiologically acceptable and non-toxic at the levels used, 
(iii) administration of the tolerogenic protein with the immimomodxdatory antibody 
should carry a minim al risk of sensitization. This may be assessed by established in 
vitro assays for the presence of circulating antibody. 

25 Before any individual non-cellular soluble protein antigen is used in the method 
according to the present invention, it would need to have received regulatory approval 
for clinical use and proteins are preferred which have akeady received such approval. 
Examples of suitable non-cellular soluble protein antigens include human gamma 
globulin, equine gamma globulin and ovalbumin. 

30 

The present invention also provides a method of treating a condition in an animal 
mediated by an immune response which comprises administering to said animal an 
antibody directed at a cell surface antigen selected from the group consisting of CD4, 
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CDS, CD154, LFA-1, CD80, CD86 and ICAM-1, preferably an anti-CD4 antibody, and 
a non-cellular protein antigen to generate a population of regulatory T-lymphocytes 
which are then re-activated by subsequent administration of the original non-cellular 
antigen. 

5 

The condition mediated by an immune response is generally an autoimmune condition. 
Examples of autoimmune conditions include rheumatoid arthritis, multiple sclerosis 
insulin-dependent diabetes melitus and inflammatory bowel disease. CD4+ T cells 
play a central role in autoimmunity and have the capacity to be both protective and 
10 pathogenic. Accumulating evidence suggests that autoimmunity probably results when 
normal regulatory functions of protective CD4+ T cells break down. Autoimmune 
diseases can be treated to a certain extent by manipulation of CD4+ T cells. However, 
the effects may be only transient due to T cell turn-over and re-acquisition of T cell 
functioiL If such recovering T cells re-encounter auto-antigens that initiated the initial 

15 disease during on-going inflammation of the target tissue (for example the synovial 
joint in dieumatoid arthritis, pancreatic P-cells in insulin-dependent diabetes) the T 
cells will become activated and autoimmuiie destruction will re-occur. It may be 
possible to re-establish a balance between pathogenic and protective T cells by 
transient therapy designed to* disable/deplete activated T ceUs followed by the 

20 administration of a non-cellular protein antigen such as HGG combined with additional 
or adjunctive immunotheiapy using for example anti-CD4 antibody. Regulatory T cells 
generated in this way would be reactivated by further administration of the non-cellular 
protein antigen and these might migrate to sites of inflaimnation along chemokine 
gradients and could arrive in the joints ready to suppress autoreactive T cells. Thus, a 

25 protocol such as this would involve fifstly depletion or inactivation of auto-reactive 
cells, secondly administration of non-cellular protein antigen together with monoclonal 
antibody immunotherapy and thirdly, reactivation of putative regulatory cells by 
subsequent administration of rq)eated doses of the original non-cellxilar antigen. . 



30 

EXAMPLES 
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The invention is based on and illustrated by the following experimental work. The 
experiments are described in general terms followed by more detailed description with 
reference to the Figures and lastly more detailed description of some of the methods. 

S Experiment 1 

Alloantigen-i nduced T-regs control the rejection of donor-sp ecific sVin grafts 
In order to provide a basis for answering questions about the antigen specificity of 
Treg, 0025^004"** cells were isolated from CBA (Hl^ mice pre-treated wiHi the anti- 
CD4 antibody YTS177 together with blood from either BIO (H2*^ or BALE (H2*^) mice 
10 and transferred them into syngeneic immunodeficient CBA-Rag"^" mice togetiier with 
CD45RB^^CD4^ effector cells. One day later these recipients were transplanted with 
skin grafts either matched to the blood transfusion donor or from a third party strain 
(Figure la). Animals reconstituted with effector cells alone acutely rejected both BIO 
and BALE skin allografts, and as shown previously^'* CD25'^CD4"^ cells isolated from 
15 mice pre-treated with YTS177 and BIO blood prevented the rejection of donor-specific 
BIO allografts (Figure lb). This phenomenon was not restricted to a single 
donoi/recipi^t strain combination, as CD25*'CD4'*' cells fix)m mice pre-treated with 
YTS177 and BALE blood prevented the rejection of BALB skin grafts. However, 
CD25^ CD4* cells from animals pre-treated with YTS 177 and BALB blood were unable 
20 to prevent the acute rejection of BIO skin grafts, clearly demonstrating that regulatory 
cell function under these conditions in vivo is alloantigen-specific (Figure 16). 

Experiment 2 

Activated T-regs generated a^mst nnrft lated antigen can regul ate sIHn fltlnprrafl- 
rejection 

Generating T-reg specific for a non-cellular protein antigen could offer a potential 
tolCTance induction strate^gy in man if such cells could regulate responses to 
alloantigens in vivo once re-activated. It has previously been demonstrated that 
tolerance to soluble antigens such as albumin^* or human gamma globulin- (HGG)^^*^^ 
can be achieved by intravenous administration to mice under the cover of anti-CD4 
antibody. We therefore chose HGG as a candidate for the tolerising antigen for these 
experiments. First, in order to determme wheflier induction of tolerance to HGG could 
be replicated in our hands we administered YTS177 and HGG and then measured 
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serum anti-HGG antibody concentrations by ELIS A (Figure 2a). Positive control mice 
that received a priming protocol (where HGG was given without YTS177) produced 
high levels of anti-HGG antibody whereas mice given HGG under the cover of 
YTS177 gave low antibody titers identical to those from unprimed naive mice, 
5 indicating tolerance to HGG. Importantly, mice pre-treated according to the tolerising 
plus re-activation protocol (antigen under the cover of YTS177 followed by a second 
dose of antigen the day prior to analysis) produced background levels of anti-HGG 
antibody and were therefore judged to be tolerant to HGG. 

10 Having confirmed that tolerance to HGG can be induced in this way (Figure 2a), the 
next question was whether T-regs cells generated by pre-treatment with HGG under the 
cover of YTS177 and specifically re-activated with HGG could regulate the rejection of 
BIO skin allografts (Figure 2b), Animals reconstituted with CD45RB^^CD4"*' effector 
cells alone all acutely rejected their grafts but, in contrast, all mice that received co- 

15 transfer of CD2fr*'CD4'*' cells from annuals pre-treated with YTS 177 and HGG and then 
given a second dose of HGG the day prior to cell isolation (to re-activate the regulatory 
population) accq>ted their BIO skm allografts for > 100 days. As important controls, 
we also tested the regulatory capacity of CD25**CD4* cells from animals pre-treated 
with YTS177 and HGG but without the second (re-activating) dose of HGG, and from 

20 animals pre-treated with HGG in the absence of YTS 1 77 followed by a second dose of 
HGG prior to cell isolation. In both these groups all BIO skin allografts were rejected 
acutely. In common with regulation by alloantigen-induced CD25"*^CD4^ Treg^^ 
regulation by CD25"*'CD4'*^ cells from mice pre-treated witii YTS177 and HGG and then 
reactivated by a second dose of HGG was BL-lO-dependent in that blockade of the IL- 
25 1 0 axis abrogated regulation and led to acute rejection (Figure 2c). 

Experiment 3 

Re-challenge of mice with HGG following 177/HGG pre-treatment leads to IFN-y 
- mRNA production" "" 

30 Previous work on the YTS 1 77/DST tolerance induction model described above (Figure 
1) has demonstrated that CD25"^CD4^ cells isolated &om tolerised mice show a rapid 
but transient up-regulation of BFN-y mRNA following re-exposure to the original 
tolerising antigen. This IFN- y signal was only evident in mice given the combined 
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177/DST protocol suggesting a possible role for IFN- y'mih& induction of tolerance in 
tJiis model. In order determine whether a similar IFN- y signature was a feature of the 
177/HGG model shown in Figure 2, CBA mice were pre-treated with the 177/HGG 
protocol and then re-boosted with HGG and/or given a BIO blood transfusion (to mimic 
5 e3q)osure to alloantigen normally in the form of a skin graft) as described figure 3). 
Mice given the non-effective 177/HGG pre-treatment without an HGG re-boost (Figure 
2b) showed a low level of IFN-y mRNA expression (column A). However, cells from 
mice given the tolerising protocol followed by an HGG re-boost showed a three-fold 
ina:ease la IFN-y message upon exposure to alloantigen (column C). Most 
10 significantiy, this increase was also seen in tolerised mice given the HGG re-boost 
witbout alloantigen (column B) demonstrating that in the adoptive transfer system 
shown above (Figure 2b) CD25^CD4* Treg would akeady be expressing elevated 
levels of IFN- y mSNA at the time of skin grafting. 

15 Detailed description of the figures 

Figure 1: Alloantigen-induced CD25*'CD4^ cells can regulate skin allograft 
rejection 

a, Pre-treatment and adoptive transfer protocol. CBA mice were pre-treated with 
20 YTS177 on days -28 and -27 together with allogeneic (BIO or BALB) blood 
transfusion on day —27). On day 0, CD25"**CD4'*' cells from the spleens of these animals 
were adoptively transferred into CBA-Rag"^" recipients together with CD45RB**'^CD4'^ 
cells from naive animals, and the following day a BIO or BALB skin allograft was 
performed 6, Effect of CD25''CD4^ cells on CD45RB^^^CD4^-mediated skin allograft 
25 rejection. All niice were reconstituted with CD45RB^^CD4"*' cells with or without 
different CD25'^CD4* populations aad received the following skin grafts: □: BIO graft 
(group i: MST = 20 days, n = 4); O: BALB graft (group ii: MST = 12 days, n = 4); ■: 
CD25'^CD4'^ cells from YTS177/B10 blood pre-treated mice + BIO -graft (group iii: 
MST > 100 days, « 4; P < 0.05 compared to group i); ♦: CD25'^CD4"^ cells from 
30 YTS177/BALB blood pre-treated mice + BALB graft (group iv: MST > 100 days, n = 
4; P < 0.05 compared to group ii); •: CD25*CD4"*" cells from YTS177/BALB blood 
pre-treated mice + BIO graft (group v: MST 25 days, «== 4; P < 0.05 compared to 
groups iii and iv. 
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Bigare 2: Acfiyated CD2S^CD4''' cells generated against unrelated antigen can 
regulate skin allograft rejection 

a, Induction of tolerance to HGG. CBA mice were pre-treated as follows and serum 
5 anti-HGG antibody titer was measured by ELISA: naive; tolerizing protocol — 
YTS177 on days -^2, -41, and -40, and HGG on days -41, -14, and -7; priming 
protocol - YTS177 on days -42, -41, and -40, and HGG on days -14 and -7; ■: 
protocol used for in vivo adoptive transfer - YTS177 on days -28 and -27 and HGG on 
days ~27 and -1. n = 2 in each group, results are presented as mean =b standard 

10 deviation. *, Effect of different CD25^CD4''" populations on skin allograft rejection. 
CBA-R^^" mice were reconstituted with CD45RB^^CD4'*' cells together with the 
following CD25^CD4'*' populations from pre-treated CBA mice and then received a 
BIO skin aUograft: □: no CD25'^CD4'*' ceUs (group i: MST =11.5 days, n = 14); ■: 
CD25'^CD4"*' cells from mice pre-treated with YTS177 on days -28 and -27 and with 

15 HGG on days -27 and -1 (group ii: MST > 100 days, w = 5; P < 0.05 compared to 
group i); CD25*CD4'*' cells from mice pre-treated with HGG only on days -27 and - 
1 (group iii: MST 20 days, w = 5; P = 0.21 compared to group i); ♦: CD25"*'CD4'*" cells 
from mice pre-treated with YTS177 only on days -28 and -27 and HGG on day -27 
(group iv: MST 21 days, « = 5; P = 0.21 compared to group i). c. Effect of IL-IOR 

20 blockade on regulation of BIO skin allograft rejection by CD25**"CI>4* cells from mice 
pre-treated with YTS177 on days -28 and -27 and HGG on days -27 and -1. CBA- 
Rag*^" mice were reconstituted with CD45RB"^CD4'*' cells wifli or without 
CD25*CD4"*' cells from pre-treated animals and antibody therapy: □: a345RB'^CD4^ 
cells only (group i: MST 1 1.5 days, n = 4); CD45RB"8^CI>4'" and CD25^CD4* cells 
25 and anti-ILlOR blockade with 1B1.2 (group ii: MST 10 days, n = 4; P = 0.81 compared 
to group i); ■: CD45RB^*^CD4'^ and 0025^004"*" cells and isotype control antibody 
GLl 13 (group iii: MST > 50 days, » = 4; P < 0.05 compared to groups i and ii). 

Figure 3: HGG re^hallenge after 177/HGG pre-treatment leads to IFN-y mRNA 
30 production 

CBA mice were pre-treated with YTS177 on days -28 and -27 and HGG on day -27. 
Group A then received BIO blood on day -1, group B HGG on day -3, and group C 
HGG on day -3 plus BIO blood on day -1. On day 0 CD25'^CD4'^ splenocytes were 
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purified and IFN-7 mKNA measured by RT-PCR. Results show the mean of three 
independent experiments. 



Figure 4: Proposed models for regulation of allograft rejection by regulatory cells 
5 Rejection may be overcome by the generation of regulatory populations specific for aD 
of the alloantigens expressed on a graft (full repertoire). Alternatively regulatory 
populations may be generated against a single graft antigen; these regulatory cells 
undergo activation by the graft and then suppress responses against other graft antigens 
(bystander regulation). Finally regulatory cells generated against third party or even 
10 completely unrelated antigen can suppress graft rejection by bystander regulation 
provided that they are first activated before their fimctional activity is tested. 

Methods 

Mice 

15 CBA.Ca (CBA, H2^, C57BL/10 (BIO, H2*0, BALB/c (BALB, m% CBK (H2^+K^ 
kindly provided by Dr. A.L. Mellor, Medical College, Augusta, GA, U.S. A.), and 
CBA-Rag 1"^" (CBA-Rag"^ H2^ kindly provided by Dr. D. Kioussis, Division of 
Molecular Immunology, National Institute for Medical Research, Mill Hill, London, 
U.KL) were obtained from and housed in the Biomedical Services Unit, John Radcliffe 

20 Hospital (Oxford, U.K.). Sex-matched mice between 6 and 12 weeks of age the time of 
first experimental procedure were used in all experiments. 

Reagents and monoclonal antibodies 

The following antibodies were used for cell purification, flow cytometry, and in vivo 
25 administratioa Hie hybridoma TIB120 (anti-MHC class II) was obtained &om 
American Type Culture Collection (ATCC), Manassas, VA, U.S.A.; YTS169 (anti- 
CDS) and YTS 177,9 (anti-CD4)^^ were kindly provided by Professor H. Waldmann 
(Sir William Dunn School of Pathology, Oxford, U.K.). RM4-5 (anti-CD4)-CyC, 16A 
(anti-CD45RB)-PE, 7D4 (anti-CD25)-biotin, and streptavidin-PE were purchased from 
30 Phaimingen (San Diego, CaUfomia, U.S.A.). 1B1.2, a blockdng rat IgGl antibody 
reactive with mouse IL-IOR (ref 42). GL113, a rat IgGl isotype control antibody 
reactive with P-galactosidase*^, 



18 



Human gamma globulin (HGG) was purchased from Sigma-Aldrich (St Louis, MO, 
U.S.A.) and was heat aggregated at 63°C for 25 minutes and then incubated ovemi^t 
on ice prior to use. 

5 In vivo pre-treatment protocol 

Adult CBA mice received 200 \ig of the anti-CD4 mAb YTS177 intravenously on days 
-28 and -27. On day -27 they also received 250 \xl of allogeneic (BIO or BALB) 
blood or 500 jig of HGG intravenously. In some experiments a further dose of 
allogeneic blood or HGG was administered on day -1 . Spleens were harvested on day 
10 0 for ceU isolation of CD25'^CD4^ cells. 

Cell purification 

CD45RB*^^CD4'" T ceUs were isolated from lymph nodes and spleens of naive CBA 
mice, and CD25'*"CD4"'' T cells were obtained from spleens of animals pre-treated with 
15 YTS177 and allogeneic blood or HGG. Populations were purified by negative 
selection using magnetic beads followed by FACS sorting as previously described.^^ 
On re-analysis, aU populations were >95% pure. 

Cell adoptive transfer and skm transplantation 

20 CBA-Rag"'' mice were reconstituted intravenously with 10^ CD45RB**^^CD4'*" cells 
with or without 2x10^ CD25*CD4"*' cells. The following day full thickness BIO or 
BALB tail skin allografts were transplanted onto graft beds prepared on the flanks of 
the reconstituted mice. Where appropriate anti-ILlOR antibody (or isotype control) was 
administered intraperitoneally at a dose of 1 mg at the lime of cell adoptive transfer and 

25 then 0,5 mg per week thereafter for 6 weeks or until graft rejection occurred. 
Allografts were monitored and graft survival between groups was compared using the 
log rank test^ using software developed and kindly provided by Dr. S. Cobbold, Sir 
William Dunn School of Pathology, Oxford, U.K. ^ ' ... 

30 Histologic al examinatinn 

Skin grafts were fixed in buffered 10% formalin. 6 |im paraffin-embedded sections 
were cut and stained with hematoxylin and eosin. 
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Serum anti-HGG antibody ELISA 

Serum concentration of anti-HGG antibodies was measured by ELISA using a 
modification of standard methods. Plate-bound HGG was used to c^ture serum anti- 
HGG antibody which was then revealed and quantified using horseradish peroxidase- 
5 conjugated rabbit anti-mouse IgG and IgM (Jackson ImmunoResearch Laboratories, 
West Grove, PA, U.S.A.) followed by ABTS (2,2'-azinQ-bis(2-ethyl-benzathiazoline-6- 
sulfonic) acid)"*^. Absorbance at 405 nm was read and results are presented as the mean 
of duplicate wells ± standard deviation. 

10 Abbreviations: 

HGG - Human gamma globulin 

mAb - Monoclonal antibody 

MST - Median survival time 

RT-PCR - Real time polymerase chain reaction 
15 Treg - Regulatory T cell 
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Claims: 

1. A method of suppressing rejection of an organ or tissue transplant in an animal 
comprising the following steps: 

(a) administering to the animal an antibody directed at a cell surface antigen 
selected from the group consisting of CD4, CDS, CD154, LFA-1, CD80, CD86 and 
ICAM-1^ and a non-cellular protein antigen to generate a population of regulatory T- 
lymphocytes; 

(b) reactivating said population of regulatory T-lymphocytes by further 
administration to the animal of the non-cellular protein antigen; and 

(c) transplanting said organ or tissue whilst said population of regulatory T- 
lymphocytes is activated. 

2. A method of treating a condition in an mmpi] mediated by an immune response 
which comprises administering to said animal an antibody directed at a cell surface 
antigen selected from the group consisting of CD4, CDS, CD154, LFA-1, CD80, CD86 
and ICAM-1, and a non-cellular protein antigen to generate a population of regulatory 
T-lymphocytes wdiich are then re-activated by subsequent administration of the original 
non-cellular antigen. 

3 . The method of claim 2, wherein the condition is an autoimmune condition. 

4. The method of claim 2 or 3, wherein the autoimmune condition is selected from 
the group consisting of rheimiatoid arthritis, multiple sclerosis, insulin dependent 
diabetes mellitus and inflammatory bowel disease. 

5. The method of any preceding claim, wherein the animnl is a human. 

6. The method of any preceding claim, wherein the antibody is an anti-CD4 
antibody. 

7. The mefliod of claim 6, wherein the antibody is a non-depleting anti-CD4 
antibody. 
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8. The method of any preceding claim, "(herein the antibody is a chimeric or 
humanised antibody. 

5 9. The method of any preceding claim, wherein the antibody is administered 
parenterally. 

10- The mefliod of any precedii^ claim, wherein the antibody is administered 
intravenously. 

10 

11. The method of any preceding claim, wherein the antibody is formulated or 
administered together with at least one physiologically acceptable carrier. 

1 2. The method of claim 1 1 , wherein the physiologically acceptable carrier is sterile 
1 5 isotonic buffered saline, 

13. The method of any preceding claim, wherein the non-cellular protein antigen is 
administered parenterally. 

20 14. The method of aniy preceding claim, wherein the antibody is administered to the 
animal in a dose in the range 0.2S to 25mg/kg. 

15. The method of any preceding claim, wfaerem the antibody is administered to the 
animal in a dose in the range 5 to lOmg/kg. 

25 

16. The method of claim 14 or 15, wherein 1 to 5 such doses are administered to the 
• animal. 



17; "HTEe method of claim 14 or 15, wherein 2 or 3 such doses are administered to the 
30 animal. 
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18. The method of any preceding claim, xisdierein the non-cellular protein antigen is 
selected from the group consisting of human gamma globulin, equine gamma globulin 
and ovalbumin. 

19. Use of an antibody directed at a cell surface antigen selected from the group 
consisting of CD4, CDS, CD154, LFA-1, CD80, CD86 and ICAM-1, for the 
manufacture of a medicament for the suppression of rejection of an organ or tissue 
transplant in an animal by a method which comprises administering the antibody to the 
animal together with a non-cellular protein antigen to generate in the animal a 
population of regulatory T-lymphocytes; reactivating said population of regulatory T- 
lymphocytes by further administration to the animal of the non-cellxdar protein antigen; 
and transplanting said organ or tissue vMlst said population of regulatory T- 
lymphocytes is activated. 

20. Use of a non-cellular protein antigen for the manufacture of a medicament for 
the suppression of rejection of an organ or tissue transplant in an animal by a method 
which comprises administering an antibody directed at a cell surface antigen selected 
from the group consisting of CD4, CDS, CD154, LFA-1, CD80, CD86 and ICAM-1, to 
flie animal together with the non-cellular protein antigen to generate in the ani'mfll a 
population of regulatory T-lymphocytes; reactivating said population of regulatory T- 
lymphocytes by further administration to the animal of the non-cellular protein antigen; 
and transplanting said organ or tissue whilst said population of regulatory T- 
lymphocytes is activated.. 

21. Use of an antibody directed at a cell surface antigen selected from the group 
consisting of CD4, CDS, 030154, LFA-1, CDSO, CD86 and ICAM-1, for tiie 
manufacture of a medicammt for the treatment of a condition in an animal mediated by 
an immune response by a method which comprises administering the antibody to the 
animal together with a non-cellular protein antigen to generate in the animal a 
population of regulatory T-lymphocytes which are then re-activated by subsequent 
administration of the original non-cellular antigen. 
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22. Use of a non-cellular protein antig^ for the manu&cture of a medicament for 
the treatment of a condition in an apinial mediated by an immnne response by a mettiod 
^ch comprises administering the non-cellular protein antigen to the animal together 
^th an antibody directed at a cell surface antigen selected fiom the group consisting of 

5 CD4, CDS, 0)154, LFA-1, CD80, CD86 and ICAM-1, to generate in the animal a 
population of regulatory T-lymphocytes which are then re-activated by subsequent 
administration of the original non-cellular antigen. 

23. The use of claioi 21 or 22, wherein the condition is an autoimmune conditioiL 

10 

24. The use of one or more of claims 21 or 23, wherein the autoimmune condition 
is selected from the group consisting of rheumatoid arthritis, multiple sclerosis, inCTilin 
dependent diabetes mellitus and inflammatory bowel disease. 

15 25. The use of one or more of claims 2 1 to 24, wherein the animal is a human. 

26. The use of one or more of claims 21 to 25, wherein the antibody is an anti-CD4 
antibody. 

27. The use claim 26, wherein the antibody is a non-depleting anti-CD4 antibody. 

28. The use of one or more of claims 21 to 27, wherein the antibody is a chimeric or 
humanised antibody. 

29. The use of one or more of claims 21 to 28, wherein the antibody is administered 
parenterally. 

30. The use of one or more of claims 21 to 29, wherein the antibody is admmistered 
- intravenously.' 



31. The use of one or more of claims 21 to 30, wherein the antibody is formulated 
or administered together with at least one physiologically acceptable carrier. 
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32. The iise of claim 31, wherein the physiologically acceptable carrier is sterile 
isotonic buffered saline. 

33. The use of one or more of claims 21 to 32, wherein the non-cellular protein 
antigen is administered parenterally. 

34. The use of one or more of claims 21 to 33, wherein the antibody is administered 
to tile animal in a dose in the range 0.25 to 25mg/kg. 

35. The use of one or more of claims 21 to 34, wherein the antibody is administered 
to the animal in a dose in the range 5 to lOmg/kg. 

36. The use of claim 34 or 35, wherein 1 to 5 such doses are administered to the 
animal. 

37. The use of claim 34 or 35, herein 2 or 3 such doses are administered to tiie 
animal. 

38. The use of one or more of claims 21 to 37, wherein the non-cellular protein 
antigen is selected from the group consisting of human gamma globulin, equine gamma 
globulin and ovalbumin. 



ABSTRACT 
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SUPPRESSION OF TRANSPLANT REJECTION 



5 Transplant rejection in an animal is suppressed by administration of an antibody 
directed at a cell surface antigen selected from the group consisting of CD4, CDS^ 
CD154, LFA-1, CD80, CD86 and ICAM-1, preferably an anti-CD4 antibody, together 
with a non-cellidar protein antigen to generate in the animal a population of regulatory 
T-lymphocytes; reactivating said population of regulatory T-lymphocytes by further 
10 administration to the animal of the non-cellular protein antigen; and tran^lanting said 
organ or tissue whilst said population of regulatory T-lymphocytes is activated. A 
similar approach can be adopted for the treatment of autoimmune conditions. 
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